Introduction
C-type lectin receptors (CLRs) are pattern recognition receptors (PRRs) expressed on the cell membrane with C-type lectin-like domains in their extracellular region. CLRs serve multiple functions through recognizing carbohydrate chains on pathogens in innate immune surveillance. Macrophage-inducible C-type lectin (Mincle), also known as Clec4e and Clecsf9, is a novel 219aa type II transmembrane protein with a highly kept C-type lectin domain [1, 2] . Mincle is expressed on myeloid cells, neutrophils, and is particularly abundant on professional antigen presenting cells including macrophages, dendritic cells and B cells [1] . Mincle is selectively associated with the Fc receptor common γ (FcR γ) chain, an immunoreceptor tyrosine-based activation motif (ITAM)-containing adaptor, and its ligation on activated macrophages has been shown to produce a variety of pro-inflammatory cytokines and chemokines [3] . Mincle expression is upregulated by various stimuli, including TLRs ligands or cytokines. The fact that Mincle-expressing cells are activated in the presence of necrotic cells led to the identification of nuclear protein SAP130 as an endogenous Mincle ligand that is released from necrotic but not from apoptotic cells.
Fungal cell walls contain a variety of complex carbohydrates which include mannose, β-glucans and chitin [4] . Dectin-1 and Dectin-2 are CLRs that are the specific receptors for β-glucans and α-mannose, respectively [5, 6] . Recently, several studies reported that Mincle has an important role in the response of macrophages to fungal infections [7] [8] [9] . Thus, one study reported that macrophages in the absence of Mincle produced markedly lower levels of TNF-α in response to Candida albicans (C. albicans) infection [8] . Another study demonstrated that bone marrow derived macrophages from normal but not Mincle deficient mice secreted significant levels of IL-6 and TNF-α in response to Malassezia species implicating a major role for Mincle in macrophage function [9] . In addition, Mincle binds to trehalose-6,6'-dimycolate (TDM) and its synthetic analog trehalose D-(+)-trehalose 6,6'-dibehenate (TDB), a key component of mycobacteria also known as cord factor [10, 11] . Mincle is essential for generation of Th1/Th17 cellular immunity to vaccination using TDB as an adjuvant [11] . However, to the best of our knowledge, the function of Mincle by B cells has not been described which is the basis of the studies reported herein.
Materials and Methods

Subjects
Heparinized (Vacutainer; BD Biosciences, Franklin Lakes, NJ) peripheral blood samples were obtained from 23 healthy subjects (13 male and 10 female, age 51.6±16.2 years old). None of them received any treatment before this experiment. The study was approved by the Institutional Review Board of the University of California at Davis (Davis, CA), and all subjects provided written, informed consent prior to enrollment. All patients were healthy volunteers who were not receiving either medical treatment or drugs.
Peripheral Blood Mononuclear Cells Isolation
Peripheral blood mononuclear cells (PBMC) from all subjects were isolated by density gradient using Histopaque-1077 (Sigma Chemical Co., St. Louis, MO) under endotoxin-free conditions. PBMCs were re-suspended in phosphate-buffered saline (PBS) (Mediatech Inc., Herndon, VA), containing 0.5% bovine serum albumin (BSA) (Fraction V, OmniPur; EMD Chemicals Inc., Gibbstown, NJ) and 0.05% sodium azide. The viability of cells was >98%, which was confirmed using trypan blue dye exclusion.
Isolate CD19 + B Cells
CD19 + B cells were isolated utilizing CD19 microbeads (Miltenyi Biotech Inc, Auburn, CA). The positively selected cells were then resuspended in PBS containing 2% fetal bovine serum (FBS). An aliquot of these microbeads isolated cells were subjected to flow cytometry and determined in all cases to be >80% CD19 + .
Evaluation of Cell Phenotypes
The polychromatic phenotypic analysis of PBMC was carried out on a FACScan flow cytometer (BD Immunocytometry Systems, San Jose, CA) upgraded for the detection of five colors by Cytek Development (Fremont, CA). The staining buffer used throughout consisted of 0.2% BSA, 0.04% EDTA, and 0.05% sodium azide in PBS. The PBMC to be evaluated were dispensed into 25-uL aliquots, and incubated with anti-human Fc receptor (FcR) blocking reagent (eBioscience, San Diego, CA) for 15 minutes at 4 C. After PBS wash, a previously determined optimal concentration of the CLEC4E monoclonal antibody, clone 2D12 (Abnova Corporation, Walnut, CA) was added and the cells incubated for 30 minutes at 4 C. Purified mouse IgG2aκ (BD Biosciences, San Diego, CA) was used as a negative control. After a PBS wash, the cells were incubated with PE conjugated goat anti-mouse IgG (Biolegend, San Diego, CA) as a secondary antibody for 30 minutes at 4 C. Cells were then washed and the cells incubated with a cocktail of antibodies which included CD27 and CD19 (eBioscience), CD3 (Biolegend) and CD14 (BD Biosciences, San Jose, CA), for 30 minutes at 4°C. Cells were washed in staining buffer and fixed with 1% PFA/PBS. The data acquired were analyzed using Cellquest PRO software (BD Immunocytometry Systems).
In vitro culture of PBMC or CD19 + B cells with TDB, the oligo-di-nucleotide CpG or lipopolysaccharide (LPS) TDB was purchased from Avanti Polar Lipids, Inc. (Alabaster, AL), E. coli lipopolysaccharides (LPS) was purchased from Sigma-Aldrich (St. Louis, MO) and CpG-B (CpG ODN 2006; TCG TCG TTT TGT CGT TTT GTC GTT) was purchased from InvivoGen (San Diego, CA). For stimulation of PBMC or B cells, TDB was dissolved in chloroform at 1 mg/ml and subsequently diluted in isopropanol and dispensed into 48-well or 96-well plates at 80 µl/well. Control plates were prepared by placing isopropyl alcohol alone. These plates were dried overnight in a biosafety cabinet. Aliquots of 1 × 10 6 unfractionated PBMC in a volume of 500 µL of media were seeded in 48-well flat-bottom plates and aliquots of 0.2 × 10 6 purified B cells in a volume of 200 µL of media were seeded in 96-well flat-bottom plates and cultured for 4 days at 37°C in a 5% CO 2 humidified atmosphere. Media consisted of RPMI 1640 culture medium (Invitrogen, Carlsbad, CA) supplemented with 10% heat-inactivated fetal calf serum, 100 µg/mL of streptomycin, 100 U/mL of penicillin (Invitrogen). The PBMC and purified B cell cultures were incubated with either TDB 100 ng/well, LPS 20 ng/mL or CpG-B at 0.5 or 2 µM.
Immunoglobulin assays
Levels of IgG, IgM, and IgA in the supernatant fluid were determined using a human IgG, IgM, and IgA enzyme-linked immunosorbent assay quantitation kit (Bethyl Laboratories, Montgomery, TX). Briefly, microtiter plates were coated with goat anti-human IgG, IgM, or IgA affinity-purified antibodies and incubated overnight at 4°C. Plates were washed with phosphate-buffered saline with Tween 20 (PBS-T) and blocked with 200 µL of 50 mM Tris, 0.15 M NaCl, and 1% bovine serum albumin (BSA) (pH 8.0) for 30 minutes. The plates were then washed with PBS-T, and 100 µL of test samples and standards were added to the wells and incubated for 1 hour at room temperature, followed by PBS-T washes. Next, 100 µL of a predetermined optimum dilution of horseradish peroxidase-labeled goat anti-human IgG, IgM, or IgA monoclonal antibody was added and incubated for 1 hour at room temperature. Plates were washed and developed with tetramethylbenzidine substrate for 15 minutes, and the reaction was stopped with 2N H 2 SO 4 and read at 450 nm with a microplate reader.
Cytokine Bead Assay (CBA)
The quantitation of IL-1β, IL-6, IL-8, IL-12p70, and TNF-α in the supernatants of cultured PBMC or B cells with or without mincle ligand or TLR ligands was determined using a human Cytometry Bead Array kit (CBA; BD Biosciences, San Jose, CA). Briefly, 10 uL of each of the different bead suspensions (with beads coated with antibodies directed against each of the cytokines) were incubated with 50 uL of the supernatant fluid and 50 uL of phycoerythrin (PE)-conjugated appropriate antibody for 3 hours and then washed and resuspended in PBS. The intensity of the fluorescence signal was then analyzed using Cellquest PRO software (BD Immunocytometry Systems). The level of the appropriate cytokine in the supernatant were then calculated based on the fluorescence readings and expressed in pg/mL. The concentration range limits for the detection using this assay is 20 to 5,000 pg/mL for each of the 6 cytokines.
Statistics
The data were expressed as the mean ± standard error of mean (SEM). The frequency of positive cell and the MFI values were compared by Fisher's exact test. The levels of immunoglobulins and inflammatory cytokines were analyzed using Mann-Whitney nonparametric tests. The tests were statistically significant if they attained values of p< 0.05.
Results
Mincle Expression on B cells
The (Figure 2A) . However, the frequency and MFI of Mincle positive CD19 + B cells in PBMC's cultured in the presence of CpG-B, but not LPS, was significantly higher than medium control (p<0.01, respectively) ( Figure 2B ). These results suggest that activation of TLR9 in B cells is critical for its Mincle protein upregulation.
Comparison of Mincle expression on B cells in PBMC's cultured in the presence of TDB, CpG or CpG+TDB
We next examined the frequencies and MFI of Mincle expression on CD19 + B cells in PBMC cultures incubated with ligand of TLR 9 or Mincle. We thus cultured aliquots of PBMC (n=8) in media containing 100 ng of TDB, 0.5 µM of CpG-B, 100 ng of TDB + 0.5 µM of CpG-B, or for purposes of control media alone for 4 days and examined the frequency and MFI of Mincle expression on CD19 + B cells. As shown in Fig. 3 A, it is clear that PBMC's cultured in the presence of TDB, CpG-B, and CpG-B + TDB co-stimulation expressed significantly higher frequencies of Mincle positive CD19 + B cells as compared with medium control (p<0.05, p<0.01 and p<0.01, respectively) ( Figure 3A) . Furthermore, MFI values of Mincle on CD19 + B cell in PBMC's cultured in the presence of TDB, CpG and CpG+TDB co-stimulation were significantly higher than medium control (p<0.05, p<0.05 and p<0.01, respectively) ( Figure 3B ). The frequencies of Mincle positive CD19 + B cells in PBMC's cultured in the presence of CpG or CpG+TDB co-stimulation were significantly higher than TDB. These results indicate that recognition of Mincle ligand leads to upregulation of Mincle expression on B cells and also demonstrate that this upregulation is weaker than CpG dependent one. Furthermore, there was no additive effect on the frequency or MFI of Mincle expressing B cells in media containing both CpG+TDB costimulation.
Secretion of Immunoglobulin from PBMC or B cells cultured in the presence of TDB, CpG or CpG+TDB
We also examined the immunostimulatory effect of Mincle ligand on B cells. Aliquots of PBMC and enriched population of CD19 + B cells (n=8) were cultured in the presence of 100 ng of TDB, 0.5 µM of CpG-B, 100 ng of TDB + 0.5 µM of CpG-B and for purposes of control media alone for 4 days. The levels of immunoglobulin in the supernatant of these cultures were measured. IgA and IgM in supernatants of PBMC's cultured in media containing CpG was significantly higher compared to values of media alone (p<0.05, respectively). IgG, IgA and IgM in supernatants of CD19 + B cells cultured in media containing CpG was significantly higher than values for media alone (p<0.01, p<0.01 and p<0.05, respectively). IgG and IgA levels in supernatants of PBMC and CD19 + B cells cultured in media containing CpG + TDB were significantly lower than levels of cultures in media alone (p<0.05, p<0.01, respectively), although the IgM level was not different ( Figure  4 ). The number of CD19 + B cells in PBMC's cultured in the presence of CpG-B or CpG + TDB co-stimulation was not difference (data not shown). These results suggest that Mincle activation may inhibit IgG and IgA secretion after CpG stimulation.
Secretion of Inflammatory cytokines in supernatant of B cells cultured in the presence of TDB, CpG or CpG+TDB
We compared the synthesis of inflammatory cytokines in the supernatant fluid of enriched population of CD19 + B cells (n=8) cultured in the presence of 100 ng of TDB, 0.5µM of CpG-B, 100 ng of TDB + 0.5µM of CpG-B and for purposes of control media alone for 4 days. Levels of TNF-α, IL-10, IL-6 and IL-8 were all increased after CpG-B stimulation (p<0.01, respectively). There was no additive effect of inflammatory cytokine production in supernatant containing both CpG-B + TDB co-stimulation ( Figure 5 ). There were no detectable levels of IL-1β and IL-12p70 in these supernatant fluids.
Discussion
The CLRs are a family of Ca2+-dependent carbohydrate-binding lectins that have C-type lectinlike domain [2, [12] [13] [14] . Mincle is associated with an ITAM-coupled FcRγ that recognizes α-mannose [9] or SAP130 released by dead or dying cells [15] . The ligation of ITAM leads to a signaling cascade that begins with phosphorylation of ITAM tyrosine residues by Src-family kinases, followed by the recruitment and activation of Syk. Syk then activates a signaling cascade through CARD9 leading to NFkB and the induction of inflammatory cytokines [4, 16] . Mincle is expressed predominantly on cells of the myeloid lineage, such as macrophages, neutrophils, dendritic cells, and B cells [17] , and on microglia in the brain [18] . Although this pattern of expression is similar to both Dectin-1 and Dectin-2, mouse bone marrow-derived macrophage constitutively express Mincle, not Dectin-1 or Dectin-2, and its expression is increased after Candida albicans (C. albicans) infection [8] .
Mincle gene expression is strongly induced by LPS and several pro-inflammatory cytokines, including IFN-γ, IL-6, and TNF-α, using peritoneal macrophages from wild type mice [1] . In our hands, Mincle expression on monocytes from PBMC is significantly increased after LPS stimulation (data not shown). Mincle is dramatically upregulated in patients with rheumatoid arthritis [12] which suggests that its dysregulated expression might contribute to inflammation during autoimmune diseases [12] . Mincle transcription is also upregulated by various infections including S. pneumoniae, influenza A virus [13] and M. tuberculosis (31) .
Recently, Mincle has been implicated in anti-mycobacterial immunity due to its recognition of a cell wall component [7] [8] [9] .
Several studies have demonstrated the importance of Mincle for cytokine and chemokine production from macrophages and their role in antifungal immunity. In the absence of Mincle, production of TNF-α by macrophages was reduced in response to C. albicans infection, both in vivo and in vitro [8] . Another study demonstrated that Mincle recognized Malassezia species. In addition, while neutrophil infiltration and an upregulation of both IL-6 and TNF-α was noted in the peritoneal cavity of wild type mice experimentally injected with Malassezia intraperitoneally, a similar infection of Mincle-deficient mice did not induce this cytokine response [9] . These studies are critical not only for understanding the normal immune response but, in particular, for the mechanism involved in B cell activation in autoimmune disease. Indeed, there are myriad of publications that address the role of B cells as not only antibody producing cells, but also as antigen presenting cells and as immune modulators in the pathogenesis of human and murine autoimmune disease [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] .
SAP130 is a Mincle ligand derived from necrotic cells [3] and part of a principal autoantigen, snRNP; it interacts with SAP145, SAP155 and SAP49 to form the spliceosome complex in the U2 snRNP complex [37] . Whether this complex formation enhances the reactivity to Mincle is unclear, although SAP130 can activate Mincle expressing cells. TDM, known as cord factor, is a mycobacterial cell wall glycolipid that is the most studied immunostimulatory component of Mycobacterium tuberculosis [38] . TDB, which lacks the cyclopropane in the carbon chain, is known as a synthetic analog of TDM [39] .
In this study herein, Mincle expression on B cells is strongly induced after CpG-B stimulation, not LPS stimulation. Unmethylated CpG motifs are prevalent in bacterial DNA, and ODN containing CpG motifs have been shown to activate vertebrate host defense mechanisms leading to innate and acquired immune responses [40] . A previous study reported that CpG-B is a potent stimulator for B cells [41] , while CpG-A induces high levels of IFN-α in plasmacytoid dendritic cells but lacks a direct activating effect for B cells [42] . NF-IL6-deficient macrophages demonstrated a much lower level of Mincle mRNA induction after addition of inflammatory reagents [1] . The signaling mechanisms of TLR4 and TLR9 pathways are difference in B cells. TLR4 is expressed on the cell surface in complex with the MD-2 molecule, and this heterodimer participates in LPS recognition leading to intracellular signaling by the TIRAP-MyD88 pathway and the TRIF-TRAM pathway, two major pathways [43] . In contrast, TLR9 is expressed in the endoplasmic reticulum and is recruited to the endosomal/lysosomal compartments after CpG DNA stimulation, activating the MyD88 pathway without TIRAP [44] . The difference in the pathways may influence NF-IL6 activation and Mincle expression.
A previous study demonstrated that Fonsecaesa pedrosoi (F. pedrosoi), the fungus causes chromoblastomoycosis, was recognized by the Mincle receptor. Co-stimulation of F. pedrosoi with Pam 3 csk 4 (TLR2/TLR1 Ligand), LPS (TLR4 ligand), or Imiquimod (TLR7 ligand) to human monocyte-derived macrophage or murine bone-marrow-derived dendritic cells induced significant levels of TNF as compared with respective stimulation [45] .
Furthermore, β-glucan recognition by Dectin-1, requires co-stimulation of MyD88-coupled TLRs to induce robust inflammatory responses in cultures of macrophages [46] . These results suggest that a collaboration between the Syk and TLR/MyD88 pathways results in sustained degradation of the inhibitor of kB (IkB), enhancing NFkB nuclear translocation [46] . Unexpected, co-stimulation of CpG-B and TDB reduced IgG and IgA production as compared with CpG-B stimulation in our study. Although the mechanism behind these differences has not yet been elucidated, costimulation of CpG-B + TDB may induce a more effective response to CpG by B cells via the Syk and TLR/MyD88 pathway. Inflammatory cytokine production was not different between CpG stimulation and CpG + TDB costimulation, while immunoglobulin secretion was different. Hanten et al. demonstrated that the expression of CCL3 and CCL4 mRNA was significantly increased at 2 and 8 hours and returned to baseline at 24 hours after CpG stimulation. In contrast, the expression of IL-6 mRNA was still significantly elevated at 24 hours after CpG stimulation [47] . In this study, the supernatant fluid of cells cultured for 4 days was measured because we previously demonstrated that maximum percentages of intracellular IgM-positive B cells in patients of primary biliary cirrhosis and healthy controls were observed at 4 days after CpG stimulation [48] . Furthermore, the frequency of Mincle and MFI of CD27− CD19+ naive B cells were significantly higher than CD27+CD19 + memory B cells in this study. Since most cytokines are predominantly or exclusively produced by memory B cell, no naive B cells [49] , the reason why TDB did not change cytokine production by CpG activated B cells may be due to the lower Mincle expression on memory B cells than naive B cells. Future studies should focus on culturing naive and memory cells, changing the period of culture time and TDB concentration for determining the role of Mincle on B cells including immunoglobulin and inflammatory cytokine production. Analysis of immunoglobulin production in supernatant of PBMC or isolated CD19 + B cells cultured in the presence of 100 ng of TDB, 0.5 µM of CpG-B, 100 ng of TDB + 0.5 µM of CpG-B, or media alone for 4 days (n=8). Left panel is cultured PBMC, and right panel is cultured CD19 + B cell. O.D. 450nm value was determined using ELISA. IgA and IgM levels in supernatants of PBMC's cultured in media containing CpG were significantly higher than medium control. IgG levels in supernatant of PBMC's cultured in media containing TDB were significant lower than medium control. IgG and IgA levels in supernatants of PBMC cultured in media containing CpG + TDB were significantly lower than CpG, although IgM level was not different (Left panel). IgG, IgA and IgM levels in supernatants of CD19 + B cells cultured in media containing CpG were significantly higher than medium control. IgG and IgA levels in supernatants of CD19 + B cells cultured in media containing CpG + TDB were significantly lower than CpG, although IgM level was not different (Right panel). *p<0.05, **p<0.01 Analysis of inflammatory cytokine production from CD19 + B cells cultured in the presence of 100 ng of TDB, 0.5µM of CpG-B, 100 ng of TDB + 0.5µM of CpG-B and media alone for 4 days (n=8). TNF-α, IL-10, IL-6 and IL-8 are increased after CpG-B stimulation. Inflammatory cytokines are no difference between CpG-B stimulation and CpG-B +TDB co-stimulation. **p<0.01
